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CELL GROWING DEVICE FOR IN 
VITRO CELL POPULATION EXPANSION 
BACKGROUND OF THE INVENTION 
The present invention relates to hollow fiber cartridge devices 
5 for in vitro cell growth or cell population expansion. 

Hollow fiber cartridges or bioreactors for in vitro cell growth 
are well known in the art and are available from several commercial sources. 
These devices generally have a housing and a plurality of capillaries or 
hollow fiber membranes. The capillaries extend between an inflow opening 
10 at one end of the cartridge and an outflow opening at the other end. The 
capillaries have selectively permeable walls through which growth media or 
culture media, carrying essential nutrients and gases, can diffuse. The 
interiors of the walls of the plurality of capillaries define a lumen extending 
between the inflow and outflow openings, and the outside of the capillaries 
15 and the housing define an extracapillary space (ECS) where cell growth or 
population expansion typically takes place. The housing generally includes 
one or two ports providing access to the ECS so that cells may be added or 
removed therefrom. 

The cells are typically cultured in the ECS in growth media 
20 which originates from the lumen. The media in the lumen diffuses through 
the selectively permeable walls of the hollow fiber membranes into the ECS 
to stimulate the culture or growth of the cells. To cause media to move 
through the walls of the hollow fiber membranes into the ECS, growth 
media is typically pumped through the lumen of the cartridge. 
25 As the media passes from the inflow opening at one end of the 

cartridge, through the lumen, and out the outflow opening at the other end 
of the cartridge, a pressure drop occurs from the inflow opening to the 
outflow opening. At the higher pressure inlet end of the cartridge, a radial 
convective flow of media moves from the lumen to the ECS bathing the cells 
30 in fresh nutrient-containing media. At the opposite end of the cartridge, 
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near the outflow opening, media flows in the opposite direction, thereby 
removing metabolic waste products and other secreted cell products from the 
ECS and carrying them through the hollow fiber membranes and into the 
lumen. These products are then carried out of the cartridge through the 
outflow opening. Such devices are disclosed by Knazek et al. (U.S. Patent 
Nos. 3,821.087; 3,883.393; and 4,220,725) and Yoshida et al. (U.S. Patent No. 
4,391,912). 

In recent years, there has been an increasing demand for 
mammalian cell secreted products. Mammalian cell culture is now utilized 
to produce many important cell products for human use including 
monoclonal antibodies, vaccines, lymphokines, hormones, growth factors, 
enzymes, and other recombinant DNA products. As these products move 
from research and development, through clinical trials and to the market, a 
need for an economical large-scale method of production is required. The 
hollow fiber cell culture devices disclosed by Knazek et al. and Yoshida et 
al. are not suitable for large-scale manufacturing of mammalian cell secreted 
products. 

These devices are of limited value for large-scale cell 
production and manufacturing of secreted cell products, particularly 
mammalian cell products, because of reasons related to the following: (1) 
the relatively large molecular weight cut-offs of the hollow fiber membranes 
which allows the required amount of oxygen to enter the ECS, but do not 
retain all secreted cell products or expensive serum-type nutrients; (2) 
inefficient oxygen diffusion to the ECS which limits cell growth; (3) 
formation of nutrient gradients which limit cell growth; and (4) formation of 
microenvironments for cell growth within the ECS which limits the full use 
of the entire capacity of the devices for cell growth. 
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The prior art devices utilize hollow fiber capillary membranes 
that have large enough molecular weight cut-offs to enable the secreted cell 
products to pass from the ECS to the lumen. This is undesirable for 
large-scale production because the secreted cell products become diluted in 
5 the large volumes of media necessary to maintain the cells. In addition, 
serum supplements to the media are generally required on the lumen side 
of the device. Serum addition to large volumes of media, which are 
necessary for large-scale production, can be very expensive and can also 
result in the extensive addition of impurities (e.g. contaminating proteins) to 

10 the already significantly diluted secreted cell products. These impurities can 
increase the cost of purifying the secreted products and often result in 
decreased yields. 

If lower molecular weight cut-off hollow fiber capillaries are 
utilized in these devices, however, oxygen diffusion to the cells in the ECS 

15 will be severely limited. The smaller the cut-off, the less oxygen diffusion. 
The prior art devices often include a second type of hollow fiber capillary 
that is especially permeable to nutrients (see e.g. Knazek et al. U.S. Patent 
Nos. 3,821,087; 3,883,393). This is also undesirable for large-scale 
production, because cells will preferentially grow on the nutrient source 

20 capillaries, not the oxygenation capillaries, thereby decreasing the surface 
area in the device utilized for cell growth. Furthermore, the inclusion of 
oxygenation capillaries in those devices, which generally have large 
molecular weight cut-offs (e.g. about 0.2 microns), does not allow for the 
retention of secreted cell products or other high molecular weight proteins 

25 in the ECS. 

It is desirable to retain secreted cell products in the ECS in 
large-scale production systems, because this allows the secreted cell products 
to be concentrated in the ECS, rather than being concentrated after leaving 
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the cartridge using one of several tedious or time consuming concentration 
procedures. It will be appreciated that highly concentrated products are less 
expensive to process and purify. It is also desirable to retain expensive high 
molecular weight proteins necessary for cell growth (e.g. serum, growth 
factors, hormones and cell secreted products) in the ECS. This would allow 
for the addition of these molecular species in relatively modest quantities to 
the ECS, rather than to the large lumenal media volume, which would 
require significantly larger quantities in order to provide the necessary 
concentrations. 

The prior art hollow fiber devices are also limited in their use 
for large-scale production of secreted cell products by the formation of 
gradients in the ECS. When nutrient media is delivered via a motive force 
to the inflow opening of the hollow fiber device, the porous nature of the 
capillaries causes a change in hydrostatic pressure across the length of the 
cartridge. Cells at the inlet or high pressure end are continually exposed to 
a convective flow of fresh nutrients and oxygen, while cells at the outlet or 
low pressure end are continually exposed to a concentration of metabolic 
waste products from cells upstream and have limited access to fresh 
nutrients and oxygen. This results in the formation of a heterogeneous 
culture environment in the cell-occupied ECS due to the unequal nutrient 
distribution and the concentration of waste products. These nutrient 
gradients make it impractical to construct cartridges any longer than about 
3-4 inches in length. Longer lengths only provide sufficient nutrients for cell 
growth in the high pressure inlet portion of the ECS. 

Poor circulation of the media in the ECS of prior art devices 
can also lead to the formation of microenvironments having widely varying 
cell growth potentials. Microenvironments can occur when pockets of 
metabolically-active cells near the inlet end of the device secrete waste 
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products into an immediately adjacent area. The waste products accumulate 
and are not quickly removed through the outlet end of the device. This 
accumulation of waste products results in microenvironments where cells are 
unable to grow. It will be appreciated that increasing the length of these 
5 devices simply increases the pressure drop and results in a worsening of the 
problems associated with the gradients and microenvironments created in 
the prior art devices. These problems severely limit the use to these devices 
for large-scale production of secreted cell products. 

Knazek et al. (U.S. Patent No. 4,184,922) disclose an improved 

10 device that decreases the microenvironment formation problem. This is 
accomplished by weaving together two separate perfusion circuits. By 
altering the pressure differences between the circuits, waste products can be 
removed more efficiently. However, this device still allows for the formation 
of gradients, which therefore make it unsuitable for large-scale production. 

15 Cracauer et al. (U.S. Patent No. 4,804,628) disclose an 

improved hollow fiber culture device that incorporates an external chamber 
in fluid communication with the ECS. By pressurizing the lumenal flow 
path, media flux to the ECS is increased. As media is forced into the ECS 
at the inlet end of the device, it subsequently is forced down the length of 

20 the cartridge to the outlet end. A percentage of the media moves into the 
expansion chamber through a unidirectional valve and a percentage exits 
across the capillaries to the lumen as in conventional devices. When the 
external chamber fills, the pressure in the chamber is increased to force the 
media back into the ECS through a second unidirectional valve which directs 

25 the media to the area of the ECS near the inlet end of the cartridge. This 
cycling helps mix the ECS media, thereby minimizing gradients and 
microenvironments which might otherwise exist. Oxygen diffusion is still 
limited, however, and gradients still occur. 
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The present invention is designed to overcome these and other 
limitations of the prior art devices and to provide a cell culture environment 
where cells are equally perfused with nutrients, and waste products are 
equally removed across the entire length of the hollow fiber cartridge. 
5 SUMMARY OF THE INVENTION 

In accordance with the present invention, a cell growing device 
form vitro cell population growth is provided wherein the cell growth occurs 
in fluid growth media within the device. The device comprises a first hollow 
fiber cartridge having a housing and a plurality of capillaries. Each of the 

10 capillaries includes walls having interiors and exteriors. The housing has a 
first inflow opening and a first outflow opening. The plurality of capillaries 
extend between the first inflow opening and the second outflow opening and 
at least one of the capillaries has selectively permeable walls. The interiors 
of the walls of the plurality of capillaries define a first lumen extending 

15 between and being in fluid communication with the first inflow and the first 
outflow openings. The exteriors of the walls of the plurality of capillaries 
and the housing define a first ECS. The housing has a first primary orifice 
in fluid communication with the first ECS. 

The device further includes an outflow blocking mechanism for 

20 substantially blocking a flow of media from the first lumen via the first 
outflow opening, wherein the outflow blocking mechanism can be closed to 
substantially block the flow of media from the first lumen via the first 
outflow opening such that substantially all of an influx of growth media into 
the first lumen via the first inflow opening is directed across the capillary 

25 walls into the first ECS. Preferably, the outflow blocking mechanism can be 
alternately opened and closed such that the flow of media from the first 
lumen via the first outflow opening is alternately permitted and substantially 
blocked. In preferred embodiments, the outflow blocking mechanism 
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includes a first valve in fluid communication with the first outflow opening 
distal to the first lumen, wherein the valve can be alternately opened and 
closed such that the flow of media from the first lumen via the first outflow 
opening is alternately permitted and substantially blocked. Preferably, the 
device includes a controlling computer programmed to alternately switch the 
first valve open and closed. 

In a preferred embodiment, a cell growing device for in vitro 
cell population growth is provided wherein cell growth occurs in fluid growth 
media within the device. The device comprises first and second hollow fiber 
cartridges and a fluid connecting mechanism for fluidly connecting the first 
and second cartridges. Each of the cartridges include a housing and a 
plurality of capillaries. The housing of the first cartridge including a first 
inflow opening and a first outflow opening and the housing of the second 
cartridge including a second inflow opening and a second outflow opening. 
The plurality of capillaries in each cartridge extend between the respective 
inflow opening and outflow openings. 

At least one of the capillaries of each cartridge includes 
selectively permeable walls. The interiors of the walls of the plurality of 
capillaries in each cartridge define a lumen, the first lumen extending 
between the first inflow and the first outflow openings and the second lumen 
extending between the second inflow and the second outflow openings. The 
capillaries and the housing of each cartridge define an ECS, the first ECS 
being in the first cartridge and the second ECS being in the second 
cartridge. The housing of each cartridge includes a primary orifice in fluid 
communication with the ECS of each cartridge, the first primary orifice 
being in fluid communication with the first ECS and the second primary 
orifice being in fluid communication with the second ECS. The fluid 
connecting mechanism include a recirculation mechanism for recirculating 
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fluid media from the outflow openings of the respective hollow fiber 
cartridges to inflow openings thereof and an extracapillary connecting 
mechanism for fluidly connecting the first ECS with the second ECS, 
wherein all fluid communication between the first cartridge and the second 
cartridge prior to passing through the recirculation mechanism passing 
through the extracapillary connecting mechanism. 

Nutrient media is delivered to the lumen of the first cartridge 
via the first inflow opening by a motive force. The lumenal flow path is 
blocked after the first outflow opening, forcing all the media to ultrafiltrate 
across the capillaries to the ECS. The first primary orifice is fluidly 
connected to the second primary orifice. Therefore, the media moves 
through the first primary orifice and enters the second ECS through the 
second primary orifice. The media then moves across, or ultrafiltrates 
across, the capillary membranes into the second lumenal space and flows out 
the second outflow opening. 

Cells can be placed in the first ECS and retained in the first 
cartridge by placing a cell filter, preferably a microporous filter, after the 
first primary orifice. In this manner, all of the cells in the ECS of the first 
cartridge are continually perfused with fresh nutrients and oxygen from the 
ultrafiltrative flow from the lumen. Metabolic waste products are removed 
by filtration across the capillaries in the second cartridge. Alternately, cells 
can be placed in the ECS of each cartridge and the direction of media flow 
reversed at preset intervals. When cells are placed in the ECS of both 
cartridges, a second cell filter is placed on the second primary orifice to 
retain cells in the ECS of the second cartridge. 

In alternate preferred embodiments, the extracapillary 
connecting mechanism includes a connecting chamber in fluid 
communication with the first and second primary orifices. The connecting 
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chamber preferably includes a monitoring mechanism for monitoring the 
presence of oxygen gas (0 2 ) and hydrogen ion concentration (pH), a gas 
transfer mechanism for exchanging gas across a membrane separating the 
media from a controlled gaseous environment within the gas transfer 
mechanism, and a gas delivery mechanism for delivering specific gases such 
as oxygen gas (0 2 ), carbon dioxide (C0 2 ) and nitrogen gas (N->) to the 
controlled gaseous environment. 

The cell growing device preferably includes an outflow valve 
mechanism for alternatively preventing the flow of media from exiting via 
the first or second outflow opening respectively, an inflow valve mechanism 
for alternately directing media into the lumen of the first or second hollow 
fiber cartridge via the first or second inflow opening, respectively, and a 
control mechanism for controlling the inflow and outflow valve mechanism 
such that the flow of media alternately passes either into the first lumen via 
the first inflow opening or into the second lumen via the second inflow 
opening. In either event, the flow of media subsequently passes through the 
capillary walls of the capillaries of the respective cartridge and into the 
respective ECS, through the connecting mechanism, into the ECS of the 
other cartridge, through the capillary walls of the capillaries the other 
cartridge, into the lumen and out through the outflow opening of the other 
cartridge. Preferably, the control mechanism include a controlling computer. 

In a preferred embodiment, the cell growing device includes 
a plurality of first cartridges and a plurality of second cartridges, wherein the 
first cartridges are connected in parallel with the fluid connecting mechanism 
and the second cartridges are connected in parallel with the fluid connecting 
mechanism. In other preferred embodiments, the device includes a flow 
monitoring and restricting mechanism for individually monitoring and 
adjusting media flow to each of the hollow fiber cartridges via the respective 
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inflow openings and via the respective primary orifices such that the 
respective flow of media therethrough into the respective lumen or ECS of 
each of the cartridges can be monitored and adjusted to maintain equal flow 
to each cartridge under conditions of changing resistance to media flow. 
5 The present invention also provides methods for culturing cells 

in vitro in a cell growing device. One of these methods provides for 
culturing cells in vitro in a cell growing device wherein nutrient gradients 
along the length of hollow fiber membranes of a first hollow fiber cartridge 
of the cell growing device are minimized when fluid media is pumped into 

10 the cartridge. The method comprises the steps of culturing cells in the cell 
growing device wherein the device includes a media flow limitation 
mechanism for substantially stopping the flow of media out of the lumen via 
the outflow opening of the first cartridge; and substantially stopping the flow 
of media out of the first lumen via the outflow opening with the media flow 

15 limitation mechanism such that substantially all media flowing out of the first 
lumen flows into the first ECS. 

An alternate method for culturing cells in vitro in a cell 
growing device including first and second hollow fiber cartridges and 
connecting mechanism for fluidly connecting the first and second cartridges 

20 comprises the steps of alternately circulating media through each of 
individual first and second hollow fiber cartridges via each respective inflow 
opening in order to provide growth media for culturing cells in the device; 
and alternately substantially stopping the flow of media out of the lumen of 
each respective hollow fiber cartridge via each respective outflow opening 

25 with media flow limitation mechanism when media is circulated into each 
cartridge via its respective inflow opening such that substantially all media 
flowing out of the lumen out of respective cartridge flows into the ECS of 
the cartridge and out of the cartridge via a connecting mechanism 
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connecting each first ECS with each second ECS such that fluid can 
communicate therebetween. 

Another alternate embodiment provides a method for culturing 
cells in vitro in a cell growing device comprising the steps of growing and 
5 maintaining cells in an ECS of a first hollow fiber cartridge; directing the 
flow of media across the capillary walls from the lumen into the ECS of the 
cartridge wherein substantially all of the media flows from the lumen to the 
ECS and substantially all of the media flowing through the lumen and out 
of the cartridge via the outflow opening is blocked; and subsequently 

10 redirecting the flow of media across the capillary walls from the ECS into 
the lumen of the cartridge wherein the cell growing device includes a 
mechanism for monitoring and adjusting the pH of the media in the device, 
and wherein the pH of the media is monitored and adjusted before the 
media permeates across the capillary walls into the lumen. Alternately, the 

15 cell growing device includes a mechanism for monitoring and adjusting the 
oxygen concentration of the media in the device. Preferably, the device 
includes a mechanism for monitoring and adjusting both the oxygen 
concentration and the pH of the media in the device. 

Another method in accordance with the present invention 

20 comprises the steps of growing and maintaining cells in a cell growing device 
including first and second hollow fiber cartridge, and alternately directing 
the flow of media, first, from the lumen of the first cartridge, across the 
capillary walls and into the ECS thereof, and into the ECS of the second 
cartridge, and across the capillary walls into the lumen thereof, and, second, 

25 from the lumen of the second cartridge, across the capillary walls into the 
ECS thereof, and into the ECS of the first cartridge, and across the capillary 
walls and into the lumen thereof, wherein alternating the direction of the 
flow of media reverses the flow of media from one of the cartridge to the 
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other. Preferably, the method further comprises the step of monitoring and 
adjusting the oxygen concentration of the medial fluid communication with 
the ECS of either cartridge or alternately monitoring and adjusting the pH 
of the media. Preferably, both the oxygen concentration and the pH of the 
5 media are monitored and adjusted and the method further comprises the 
step of substantially stopping the flow of media out of the lumen of either 
cartridge when the flow of media from the lumen of the respective cartridge 
is directed across the capillary walls and into the ECS thereof, wherein the 
device includes a valve mechanism for alternately substantially blocking the 
10 flow of media from the lumen of either cartridge via each respective out 
flow opening. 

The present invention provides many advantages over the prior 
art. Because the growth media pumped into any cartridge via an inflow 
opening cannot flow out of the lumen of the cartridge via the outflow 

15 opening, and must instead ultrafiltrate across the hollow fiber membranes 
to leave the lumen, the nutrient gradients along the length of the entire 
hollow fiber membranes are substantially eliminated or significantly reduced. 
This permits consistent diffusion of nutrients to all cells along the entire 
length of the hollow fiber membranes. This, in turn, allows for consistent 

20 maximizations of cell growing potential along the entire length of the 
cartridge, thereby providing an advantage over the prior art 

Equal perfusion of nutrients across the entire length of the 
cartridge, enables larger cartridges to be utilized for the large-scale 
production of secreted cell products. Perfusion of nutrients by ultrafiltration 

25 has been shown to be most desirable for promoting cell growth. Small 
molecular weight cut-off fibers can also be utilized in the present invention 
to retain secreted products and other expensive growth factors in the ECS. 
The monitoring mechanism for oxygen and pH, combined with the 



WO 97/05233 



PCT/US96/11806 



-13- 

controlled gas transfer mechanism provides a consistent homogenous 
environment for the cells and overcomes the resistance of the capillaries to 
diffusion of oxygen from the lumen to the ECS. This is because oxygen can 
be added to the ECS side of the cartridge and does not have to diffuse to 
5 the ECS from the lumen. 

The above-described features and advantages, along with 
various other advantages and features of novelty, are pointed out with 
particularity in the claims of the present application. However, for a better 
understanding of the invention, its advantages, and objects obtained by its 
10 use, reference should be made to the drawings, which form a further part of 
the present application, and to the accompanying descriptive material in 
which there is illustrated and described preferred embodiments of the 
present invention. 

BRIEF DESCRIPTIO N OF THE DRAWINGS 
15 Figure 1 is a schematic diagram of a cell growing device in 

accordance with the present invention having individual first and second 
hollow fiber cartridges. 

Figure 2 is a longitudinal cross-sectional view of the hollow 
fiber cartridge shown in Figure 1. 
20 Figure 3 is a cross-sectional view at line 3-3 of the cell growing 

device shown in Figure 2. 

Figure 4 is a schematic diagram of a cell growing device in 
accordance with the present invention having pluralities of first and second 
hollow fiber cartridges. 
25 Figure 5 is a schematic diagram of a portion of the device 

shown in Figure 4, wherein arrows illustrate an alternate pathway for the 
flow of growth media through the cartridges and their connectors. 
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Figure 6 is a schematic diagram of a portion of the device 
shown in Figure 4, wherein arrows illustrate another alternate pathway for 
the flow of growth media through the cartridges and their connectors. 

Figure 7 is a schematic diagram of a modification of the cell 
growing device shown in Figure 4 after portions of the device have been 
removed and connectors and caps have been attached so that the fluid 
pathways in the device may be heat sterilized. 

DETAILED DESCRIPTION OF THF PRFFFRRED EMBODIMENTS 
Referring now to the drawings, and specifically to Figures 1, 
2 and 3. Figure 1 shows a schematic diagram of the fluid pathways of an 
automated cell growth device 2 in accordance with the present invention. 
The device 2 includes individual first and second hollow fiber cartridges 4a 
and 4b which are fluidly connected by a fluid connecting mechanism 5. 

The hollow fiber bioreactor or cartridge 4 shown in Figure 2 
is the same as the first and second cartridges 4a and 4b shown in Figure 1. 
Each cartridge 4 has a housing 12 and a plurality of capillaries 14. Each of 
the capillaries 14 has walls 15 having interior 15a and exteriors 15b (see 
Figure 3). The housing 12 has an inflow opening 16 at one end and an 
outflow opening 17 at the other end. The plurality of capillaries 14 extend 
between the inflow opening 16 and the outflow opening 17. Each of the 
capillaries 14 preferably have selectively permeable walls 15. The interiors 
15a of the walls 15 of the plurality of capillaries 14 in each cartridge 4 define 
a lumen 20 extending between and fluidly communicating with the inflow 
and outflow openings 16 and 17. The exteriors 15b of the capillaries 14 and 
the housing 12, preferably including potting material 18 which binds the 
capillaries 14, define an ECS 10 where cell growth or cell population 
expansion takes place. A cross-sectional view of the cartridge 4 shown in 
Figure 2 is shown in Figure 3. 
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The housing 12 includes the potting material or integral disk 
portions 18 at each end which extend circumferentially around and thereby 
receive the plurality of capillaries 14 which are bundled together. The disks 
18 separate the respective inflow and outflow openings 16 and 17 from the 
ECS 10. Each cartridge 4 has two cartridge ports 24 that provide for fluid 
communication with the ECS 10 extends circumferentially around the 
plurality of capillaries 14, which are bundled together toward the center of 
the cartridge 4. Populations of cells 22 can be transferred into the ECS 10 
via either of the cartridge ports 24. It will be understood that such a 
transfer is preferably done under sterile or aseptic conditions. The ports 24 
can be reversibly sealed by a septum 11 to prevent contaminating material 
from entering the ECS 10 through the ports 24. The cells 22 are injected 
through the septum 1 1 with a syringe. 

Referring now also to Figure 4, which shows a schematic 
diagram of a preferred cell growing device 2\ which has four of each of the 
first and second hollow fiber cartridges 4a' and 4b\ The plurality of first 
cartridges 4a' is connected to the plurality of second cartridges 4b' in a 
manner which is very similar to a manner in which the first and second 
cartridges 4a and 4b are connected in the smaller device 2 shown in Figure 
I, except that the individual cartridges 4a' and 4b' in each plurality of 
cartridges are connected to other portions of the device 2' in parallel. 

The fluid connection mechanism 5 shown in Figure 1 includes 
a recirculation mechanism 6 and an ECS connecting mechanism 8. The ECS 
connecting mechanism 8 provides for fluid communication between the ECS 
10a of the first cartridge 4a and the ECS 10b of the second cartridge 4b. 
The ECS connection mechanism 8 connects the cartridges 4a and 4b via 
cartridge ports 24 on each cartridge 4a and 4b, thereby providing a primary 
orifice 25a and 25b for fluid communication with the ECS 10a and 10b of 
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each cartridge 4a and 4b. The primary orifice 25a of the first cartridge 4a 
is connected to the primary orifice 25b of the second cartridge 4b by ECS. 

Connectors 8a made of 316 stainless connection tubing. The 
ECS connectors 8a are interspersed by high molecular weight cut off filters 
5 28 which are used to retain the cells 22 in the ECS 10a and 10b of each 
respective cartridge 4a and 4b. The ECS connecting mechanism includes in- 
line sensors 21 and 23 for monitoring hydrogen ion concentration (pH) and 
oxygen gas (0 2 ) respectively, and a gas transfer cartridge 30 for exchanging 
gas across a membrane (not shown) separating growth media from a 

10 controlled gaseous environment within the gas cartridge 30. The gas transfer 
cartridge 30 receives gas through a sterilization filter 34 from a gas delivery 
mechanism 32 which can deliver adjustable percentages of C0 2 , N 2 , and 0 2 
to the controlled environment. 

After the growth media flow through the filter 28 from the 

15 ECS 10, it flows through the in-line sensors 21 and 23 for pH and 0 2 , 
respectively. The in-line sensors 21 and 23 are connected to a computer 
control mechanism 36, including a computer 26, and transmit information 
which the computer 26 interprets. In response, the computer control 
mechanism 36 subsequently adjusts the relative concentrations of oxygen gas 

20 (0 2 ), carbon dioxide (C0 2 ) and nitrogen gas (N 2 ) which are delivered to the 
gas transfer cartridge 30 by the gas delivery mechanism 32. 

The device 2 is automated such that the computer control 
mechanism 36 is capable of alternating the direction of the flow of media 
through the ECS connecting mechanism 8. In this way, the cells growing in 

25 the ECS 10 of each of the cartridges 4a and 4b will be alternately supplied 
with growth media from the ECS connecting mechanism 8 after the pH has 
been adjusted and the oxygen concentration has been replenished, thereby 
enhancing the growth potential of the cells. 



97/05233 



PCT/US96/11806 



-17- 

The computer 26 is part of the computer control mechanism 
36 that includes all of the computer connections 37 between the computer 
26 and the various elements of the device 2 which are computer controlled. 
In order to vary the direction of the flow of media through the ECS 
connecting mechanism 8, the computer control mechanism 36 switches, 
opens or closes various valves in the recirculation mechanism 6. 

The recirculation mechanism 6 includes recirculation 
connectors 6a that provide fluid pathways which interconnect the outflow 
openings 17a and 17b of cartridges 4a and 4b to the inflow openings 16a and 
1 6b of the same cartridges 4a and 4b. The recirculation connectors 6a are 
made of 316 stainless steel tubing. Also included in the recirculation 
mechanism are two solenoid valves 40a and 40b adjacent and proximate to 
the outflow openings 17a and 17b respectively, of the respective cartridges 
4a and 4b. The solenoid valves 40a and 40b substantially stop the flow of 
media from the respective cartridge lumens 20a and 20b through the 
respective outflow opening 17a and 17b when they are closed. This forces 
any fluid media flowing into the lumen 20 through an inflow opening 16 to 
ultrafiltrate across the capillary walls 15 of the capillaries 14 and into the 
ECS 10 when the solenoid valve 40a or 40b for one cartridge 4a or 4b or the 
other is closed. The solenoid valves 40a and 40b are connected to the 
computer control mechanism 36. The control mechanism 36 is programmed 
so that the solenoid valves 40a and 40b, alternately opened or closed such 
that when one is open the other will be closed. 

At the same time that the solenoid valves 40a and 40b are 
individually opened and closed, the control mechanism 36 simultaneously 
switches a three-way valve 42 controlling the flow of media into the 
respective cartridges 4a and 4b through their respective inflow openings 16a 
and 16b such that the flow of media will be directed to one cartridge 4a or 
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4b or the other at any particular moment. The switching of the three-way 
valve 42 and the solenoid valves 40a and 40b is coordinated such that when 
the flow of media is directed the inflow opening 16a of the first cartridge 4a, 
the solenoid valve 40a is closed to prevent the flow of media from the lumen 
5 20a from passing through the outflow opening 16a, while the solenoid valve 
40b is open, thereby allowing the flow of media from the lumen 20b to pass 
through the outflow opening 17b of the second cartridge 4b. 

Alternately, when the three-way valve directs the flow of media 
through the inflow opening 16b of the second cartridge 4b, the solenoid 
10 valve 40b is closed and the solenoid valve 40a is open. In this way, the 
control mechanism 36 directs the flow of growth media through the inflow 
opening 16a or 16b of one cartridge 4a or 4b and out of the outflow opening 
17a or 17b of the other, thereby forcing the media to pass through the 
capillary walls 15 of both cartridges 4a and 4b before the media is 
15 recirculated back to the inflow opening 16a or 16b of either cartridge 4a or 
4b via the recirculation mechanism 6. 

Because the two solenoid valves 40a and 40b are switched 
from open to closed and from closed to open simultaneously, the flow of 
media into the recirculation mechanism 6 can only pass into the recirculation 
20 mechanism 6 through the outflow opening 17a or 17b of one or the other of 
the cartridges 4a or 4b at any one moment in time. As one solenoid valve 
40a or 40b is closing, the other is opening and the three-way value 42 is 
switching so as to redirect the flow of recirculated growth media from one 
inflow opening 16a or 16b to the other. As this switching takes place the 
25 direction of the flow of media within the ECS connecting mechanism 8 is 
also switched. 

The recirculation mechanism 6 includes the recirculation 
connectors 6a that connect the respective inflow and outflow openings 16 
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and 17 of the cartridges 4a and 4b. The recirculation connectors 6a from 
the outflow openings 17a and 17b join just before reaching a centrifugal 
pump 44a, to form a single stainless steel pathway which carries the 
recirculated media to the three-way valve 42. The centrifugal pump 44a 
5 pumps the media through a regeneration mechanism 46 having similar 
functions to those found in the ECS connecting mechanism 8 wherein the 
media is replenished with nutrients and essential gases, and waste products 
from cell growth are preferably removed. The oxygen gas (0 2 ) and 
hydrogen ion concentration (pH) are monitored and adjusted in the 

10 regeneration mechanism 46 as previously described in relation to the ECS 
connecting mechanism 8. After the media is regenerated in the regeneration 
mechanism 46, the media then flows through a second centrifugal pump 44b 
to the three-way valve 42, where it is directed to the inflow opening 16a or 
16b of one or the other hollow fiber cartridge 4a or 4b. 

15 The hollow fiber bioreactors or cartridges 4 are preferably 

commercially available hollow fiber dialysis cartridges available from 
CD-Medical, Inc. of Hialeah, Florida. It will be appreciated, however, that 
any hollow fiber bioreactors may be used whether commercially available or 
not. Preferably, the cartridge 4 will have a molecular weight cut-off (MWC) 

20 of about 50,000 daltons, more preferably about 30,000 daltons, even more 
preferably about 15,000 daltons, and most preferably about 10,000 daltons. 
A preferred cartridge having a 30,000 dalton MWC, is the CELL-PHARM 
BR 130. The most preferred cartridge, which has a 10,000 dalton MWC, is 
the CELL-PHARM BR 110 or the CELL-PHARM" Model I from 

25 CD-Medical, Inc. of Hialeah, Florida. 

The in-line sensors 21 and 23 include a pH electrode and an 
oxygen (0 2 ) electrode respectively. The information from the pH electrode 
and the 0 2 electrode is interpreted by the computer control mechanism 36 
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and utilized to adjust the mixture of 0 2 , N 2 and C0 2 delivered to the gas 
transfer cartridge 30 by the gas delivery mechanism 32. Similar functions are 
effected by similar elements in the regeneration mechanism 46. The media 
directed toward the cartridge 30 and away from the cartridge 30 is 
monitored by these in-line sensors 21 and 23 in the fluid pathway. The 
ability to reverse the flow of media passing through the ECS connecting 
mechanism 8, and the ability to adjust the pH and oxygen levels therein, 
among other things, enhance nutrient perfusion and oxygen delivery so that 
a cell population of about 1 x 10 9 , preferably between approximately 5 x 10 9 
and 10 x i0 9 cells can be supported in each cartridge 4, and between 
approximately 5 x 10 9 and 10 x 10 9 , preferably between approximately 
4 x 10 10 and 10 x 10 10 cells can be supported by the preferred device shown 
in Figure 4. 

Referring now also to Figure 4, the automated cell growth 
device 7 shown in Figure 4 has similar fluid dynamics to that of the less 
complicated device 2 shown in Figure 1. The plurality of first hollow fiber 
cartridges 4a' are connected in parallel with one another as are the plurality 
of second hollow fiber cartridges 4b'. Like the simpler service 2 shown in 
Figure 1, the outflow openings 16' are connected to a recirculation 
mechanism 6'. The flow of media from the lumens 20' through the outflow 
openings 16' of either group of parallel cartridges 4a' and 4b* are controlled 
by solenoid valves 40a' and 40b' respectively, which are, in turn, connected 
to and controlled by the computer control mechanism 36'. The fluid 
dynamics of the industrial scale cell growing device 2' are controlled by the 
control mechanism 36' in a manner similar to or parallel to the way they are 
controlled in the smaller device 2 shown in Figure 1. The computer 26' is 
connected to solenoid valves 40a' and 40b' and the three-way valve 42* which 
each correspond to similar elements of the simpler device 2. 
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The biggest difference in the industrial scale device 2\ as 
compared to the smaller device 2, is the fact that a plurality of cartridges 4* 
are connected to the system in parallel in place of the single cartridges 4a 
and 4b. The flow of media from the lumens 20' through the outflow 
5 openings 16' can be alternately stopped by the control mechanism 36' by 
alternately closing one or the other solenoid valve 40a' and 40b'. Similarly, 
the three-way valve 42\ which is also controlled by the computer control 
mechanism 36\ can be switched to alternate the flow of media directed to 
the inflow openings 16a' and 16b' of one group of parallel cartridges 4a' or 

10 4b' or the other. 

The fluid connecting mechanism 5' of the industrial scale cell 
growing device T includes the recirculation mechanism 6' and the ECS 
connecting mechanism 8' that each have functions which are equivalent to 
the corresponding mechanisms 6 and 8 in the smaller device 2. The cells 22' 

15 are retained in the ECS 10' by a filter 28' that allows the media to pass out 
of the primary orifice 25' at a relatively high flow rate. The filter 28' can be 
any device which allows fluids to pass, but retains cells (e.g. a 5.0 micron 
filter, large molecular weight cut-off microporous cartridge, or the like). 
Because there are a plurality of first cartridges 4a' and a plurality of second 

20 cartridges 4b', however, each group of which are connected in parallel with 
the other members of that group, a flow monitoring and restricting 
mechanism 51 for individually monitoring and adjusting media flow to each 
of the cartridges 4' via either the respective inflow openings 16' or the 
respective primary orifices 25' are provided. The flow monitoring and 

25 restricting mechanisms 51 include a flow meter or sensor 51a to measure the 
media flow rate through the fluid path and a needle valve 51b which are 
connected to the control mechanism 36' are preferably adjusted in response 
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to the information registered on the flow meter 51a. Alternately, the needle 
valve 51b may be adjusted manually. 

Because the needle valve 51b only allows flow in one direction 
and is only used to monitor and adjust the flow into the cartridges, the ECS 
connecting mechanism 8' of the industrial scale device 2' is somewhat more 
complex than the corresponding mechanism 8 of the smaller device 2. 
Media flow leaving the ECS 10' of the first cartridges 4a' does not pass 
through the flow monitoring and restricting mechanisms 51. Instead, when 
media leaves the ECS 10' through the ECS connectors 8a\ it is shunted to 
a bypass pathway 52 in the ECS connecting mechanism 8' when the media 
reaches the flow monitoring and restricting mechanisms 51. The bypass 
pathway 52 is connected with an ECS three-way valve 54 that is switched 
simultaneously with the recirculation three-way valve 42', and the solenoid 
valves 40a and 40b by the computer control mechanism 36'. 

The industrial scale device 2' includes a growth media 
reservoir 63 that is preferably a 10 liter tank constructed from 316 stainless 
steel. The tank 63 is wrapped with resistance coils 64 that can generate heat 
to raise the media temperature above the ambient temperature which is 
preferably below 37°C during cell culture operations. Temperature 
monitoring mechanisms 73 are attached to the stainless steel connecting 
tubes or connectors 8a' and 6a' at various points, and also to the reservoir 
63, to ensure that a proper temperature is reached during an in-line 
sterilization procedure discussed hereinbelow. 

The hydrogen ion concentration (pH) and oxygen (0 2 ) 
concentration of the growth media in the reservoir 63 is monitored by a pH 
electrode 65 and an oxygen electrode 66 that are inserted into the reservoir 
through ports 61 in the reservoir 63. The oxygen concentration (0 2 ) and 
hydrogen ion concentration (pH) in the growth media 60 in the reservoir 63 
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is constantly adjusted by circulating the media 60 through a high speed 
secondary circulation loop 67. The media 60 leaves the reservoir 63 under 
the motive force of a centrifugal pump 44c' is primed by closing an in-line 
valve 59 and using a syringe to inject media into the loop 67 through an 
5 in-line port 57 located between the valve 59 and pump 44c' in the secondary 
loop 67. The loop 67 includes a gas transfer cartridge 74 which is preferably 
identical to the gas cartridge 30' in the ECS connecting mechanism 8\ 

The gas delivery mechanism 32' is connected to the computer 
control mechanism 36\ as are the probes 65 and 66 and the pump 44c'. In 

10 response to the information regarding pH and oxygen concentration received 
by the computer 26' from the respective probes 65 and 66, the speed of the 
pump 44c' and the mixture of gases delivered to the gas cartridge 74 by the 
gas delivery mechanism 32' are adjusted. Alternately, pump 44c' can be 
adjusted manually so that the media is pumped at a rate of up to about 400 

15 ml/min or greater. In that event, information regarding the flow rate 
through the gas transfer cartridge 74 is taken into account during 
programming of the computer control mechanism 36'. The computer control 
mechanism 36' controls the mixture of gas leaving the gas delivery 
mechanism 32' by simultaneously controlling the flow of gas to the gas 

20 cartridge 74 from three gas supply reservoirs 81, 82 and 83, which supply 
oxygen gas (0 2 ), carbon dioxide (C0 2 ) and nitrogen gas (N 2 ), respectively. 

The gas flow from each reservoir 81, 82 and 83 is monitored 
and adjusted by a flow monitoring and adjusting mechanism 80 which 
includes a flow meter or sensor 80a, a variable adjustment valve 80b, and a 

25 stepper motor 80c. All of these elements are connected to the computer 
control mechanism 36' which integrates the information received therefrom, 
and adjusts the stepper motors 80c to adjust the valves 80b so that a proper 
mixture of gas is delivered to the gas cartridge 74. The gas from the 
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reservoirs 81, 82 and 83 is mixed into a common passageway after being 
passed through a 0.2 micron sterilization filter 70, and then bubbled through 
aqueous media in a reservoir 68a to humidify the gas. The gas is then 
passed through a second sterilization filter 70 and into the gas cartridge 74. 
5 The gas can leave the cartridge 74 through a second sterilization filter 70. 
Each of the gas cartridges 30, 30' and 74 have heating elements 75 that 
allow the temperature in each gas cartridge 30, 30' or 75 to be raised above 
the ambient temperature. It will be appreciated that any gas transfer 
cartridge may be used, whether commercially available or not, so long as it 

10 meets the needs of the present invention. A preferred gas transfer cartridge, 
however, is the CELL-PHARM Hollow Fiber Oxygenator, which can be 
obtained from CD-Medical, Inc., Hialeah, Florida. 

After the pH and the oxygen concentration levels of the media 
60 are adjusted in the gas transfer cartridge 74, the media is returned to the 

15 reservoir 63. In addition to providing an efficient system to control pH and 
oxygen concentration (0 2 ), the secondary circulation loop 67 also serves to 
keep the media 60 circulating within the reservoir 63. The gas delivery 
mechanism 32' in the secondary circulation loop 67 is substantially the same 
as the gas delivery system 32* in the ECS connecting mechanism 8\ 

20 Preferably, the regeneration mechanism 46 in the less complicated cell 
growing device 2 shown in Figure 1, also has a gas delivery system that is 
similar or identical to the system provided by the industrial scale cell 
growing device 2\ 

Fresh media is slowly added to the growth media 60 in the 

25 growth media reservoir 63 from a fresh media reservoir 68b. The fresh 
media is drawn out of the reservoir 68b through a first flexible tube 84 that 
is connected to a first rigid tube 77 which extends into the media reservoir 
63. The flexible tube 84 passes through a first peristaltic pump 79a that 
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pumps the fresh media from the fresh media reservoir 68b into the growth 
media reservoir 63 at a variable rate. As the fresh media leaves the 
reservoir 68b, air is drawn into the reservoir 68b through a 0.2 micron 
sterilization filter 70. At the same time, a second flexible tube 85 that is 
5 connected to a second rigid tube 87 which extends into the media reservoir 
63, withdraws growth media 60 when the level of the media 60 in the 
reservoir 63 reaches a height equal to or greater than the lower end 87a of 
the second rigid tube 87. The media 60 is withdrawn under the motive force 
of a second peristaltic pump 79b and is delivered into a spent media 
10 reservoir 68c. The reservoir 68c is equipped with a sterilization filter 70 that 
allows gas to escape as the reservoir 68c is filled with media removed from 
the growth media reservoir 63. In this way, the media is constantly 
replenished with fresh media, thereby removing waste products and 
replenishing the nutrients needed for continued cell growth. 
15 Media is withdrawn from the media reservoir 63 to supply the 

cartridges 4' through a stainless steel tube 86 under the motive force of a 
centrifugal pump 44b\ This pump 44b' is primed in the same manner as the 
centrifugal pump 44c' in the secondary circulation loop 67. A three-way 
valve 42' then directs the growth media alternately to a band of first hollow 
20 fiber cartridges 4a' or a bank of second hollow fiber cartridges 4b* via their 
respective inflow openings 16a' and 16b'. 

Referring now also to Figures 5 and 6, the growth media 
passing through the three-way valve 42' will follow two alternate pathways. 
When the three-way valve 42' directs the growth media to the inflow 
25 openings 16a' of the plurality of first hollow fiber cartridges 4a', the fluid 
path will follow the path delineated by the arrows shown in Figure 5. In 
such a case, the solenoid valve 40a' is closed, preventing the flow of media 
from the lumen 20a' of the plurality of first cartridges 4a'. When the 
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solenoid valve 40a' is closed, the solenoid valve 40b' is open so that media 
can flow from the lumens 20b' of the plurality of second cartridges 4b' 
through their respective outflow openings 17b* and into the recirculation 
mechanism 6\ In such a case, the flow of media in the ECS connecting 
5 mechanism 8* is directed from the ECS 10a' of the first cartridges 4a' to ECS 
10b' of the second cartridges 4b\ 

When the flow of media through the three-way valve 42' is 
directed through the inflow opening 16b* of the plurality of second hollow 
fiber cartridges 4b\ the direction of the media flow in the ECS connecting 
10 mechanism 8* is reversed as is shown in Figure 6. In that situation, the 
solenoid valve 40b' is closed and the solenoid valve 40a' is open so that the 
media may enter the recirculation mechanism 6* after it passes out of the 
lumens 20a' of the first cartridges 4a' through the outflow openings 17a' 
thereof. 

15 Media entering either the plurality of first or second hollow 

fiber cartridges 4a' or 4b', which each contain four cartridges 4' in the 
preferred embodiment, is split into four fluid flow paths which flow through 
a flow monitoring and restricting mechanism 51 prior to entering each 
respective cartridge 4'. Each flow monitoring and restricting mechanism 51 

20 includes a flow meter or sensor 51a and a needle valve 51b. The flow rate 
to each cartridge 4a' or 4b' may be adjusted. by adjusting the needle valve 
51b for each fluid path. This provides a mechanism for adjusting the flow 
to each of the individual hollow fiber cartridges 4\ This is necessary 
because each cartridge 4' has a different resistance to flow. Media will take 

25 the path of least resistance. If no adjustments were possible, one cartridge 
could receive more flow than another and cells in the other cartridge 4' 
could be denied the favorable growth environment afford the cells in the 
cartridge 4' get the greatest flow. Furthermore, as cells grow asynchronously 
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in the various individual cartridges 4\ changes in resistance occur over time 
and require adjustment of the flow to assure equal perfusion in each 
cartridge 4' so that balanced cell growth may occur. It will be appreciated, 
that each plurality of cartridges 4\ may include any practical number of 
5 cartridges permitted by the fluid dynamics of any alternate embodiments the 
cell growing device 2' of the present invention. 

The solenoid valves 40a' and 40b' force an influx media 
coming into a lumen 20' from a respective inflow opening 16' to ultrafiltrate 
through the hollow fiber membranes or capillary walls 15' into the ECS 10' 

10 when they are closed. The ultrafiltrative flow rate is controlled by increasing 
or decreasing speed of the centrifugal pump 44b. Preferably, constant 
lumenal pressure is maintained. The lumenal pressure is monitored by in- 
line fluid pressure sensors 72. Preferably, all the variable aspects of the 
industrial scale device T are automated or controlled by the computer 

15 control mechanism 36' which may be supplied with an emergency power 
back-up system (not shown). The control system 36' preferably switches the 
three-way valves 42' and 54', and switches the solenoid valves 40a' and 40b' 
from open to closed and from closed to open, simultaneously on a regular 
schedule. Preferably the cycle switches, and the direction of the flow in the 

20 ECS connecting mechanism 8' reverses every ten minutes. Alternately, 
aspects of the device, which could otherwise be controlled by the computer, 
may be manually adjusted. 

Independent control of pH and oxygen concentration (<D 2 ) is 
accomplished by controlling the concentration of (C0 2 ) and (0 2 ) entering 

25 the individual gas cartridges 30, 30' and 74. A computer controlled stepper 
motor 80c is mechanically connected to each of the needle valves 80b 
controlling the flow rates of each of the three gases. The (C0 2 ) 
concentration is raised to lower pH and lowered to raise pH. The N 2 
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concentration is adjusted up or down to maintain a constant flow rate of the 
three gas mixture. However, if the (C0 2 ) concentration reaches zero and 
the pH is still falling, the computer 26* will increase the gas flow rate by 
proportionately increasing N 2 and 0 2 flow rates. This will allow a greater 
amount of (C0 2 ) to diffuse out of the media, thereby lowering the pH 
thereof. If this is not sufficient to maintain the pH at a desired level, the 
rate at which fresh media is fed into the media reservoir 63 is increased 
either manually or, preferably, as directed by the computer control 
mechanism 36\ Oxygen (0 2 ) concentration is controlled in a similar 
manner. As more O, is demanded, the computer 26* will increase the 0 2 
flow rate and decrease the N 2 flow rate. 

The cells 22 that are to be expanded in the cartridges 4 are 
inoculated through the septum 11 on the port 24 in the housing 12 with a 
syringe. If cells are the final product, they are harvested from the cartridges 
4 by utilizing a Haemonetics V50 aphoresis instrument. A custom tubing set 
is connected to the inoculation port 24 of each cartridge or bioreactor 4. 
Cells 22 are forced out of the cartridges 4 under ultrafiltrative force. The 
cells are captured in the centrifuge of the aphoresis instrument, while the 
flushing media is diverted to a 10 liter waste bag. The cells 22 may then be 
washed and resuspended for further use. This cell harvest procedure has the 
advantage of being a completely closed system, thereby minimizing the risk 
of contamination. 

Referring now also to Figure 6, the device T may be prepared 
for an in-line sterilization procedure by removing certain parts that cannot 
withstand high temperatures and replacing them with temporary parts that 
can. For instance, the hollow fiber cartridges 4' and adjacent filters 28', and 
the gas transfer cartridges 30, 30' and 74 are removed and replaced by 
stainless steel tubing parts 92 and 93, respectively, which are designed to fit 
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the spaces left unconnected by the removal of the aforementioned parts. 
Once the stainless steel tubing parts 92 and 93 are in place, and the flexible 
tubes 84 and 85 have been removed and the caps 84b and 85b are in place, 
steam is pumped into the inlet valve 90 at 15 psi. The steam is pumped in 
5 through a sterilization steam filter 78 and is allowed to circulate through the 
various fluid pathways by closing in-line valve 59a and opening the outlet 
valve 58 which is equipped with a sterilization steam filter 78. The steam 
is preferably generated in a commercial steam generator which preferably 
generates steam from low-endotoxin water for injection (e.g. H200 generator 

10 from Finn Agua, Inc., Seattle, WA). The sterilization steam filters 78 
through which the steam enters and leaves the system are preferably 0.2 
micron steam filters. 

A pressure gauge 91 makes it possible to monitor the steam 
pressure so that a pressure of 15 psi may be maintained. In addition, a 

15 pressure relief valve 62, having a 15 psi pressure relief rating and equipped 
with a sterilization steam filter 78, is provided to insure that the pressure 
does not exceed 15 psi. The steam is allowed to circulate throughout the 
system. Temperature is preferably monitored at approximately 18 inch 
intervals, or at each contortion in the various pathways, by the temperature 

20 monitoring mechanisms 73. Steam is preferably circulated at 15 psi for 30 
minutes. Temperature is monitored and the time is not counted unless all 
temperature monitors exceed 121°C. In an alternate embodiment the 
sterilization process is automated and computer controlled. 

Preferably, the hollow fiber cartridges 4 of the present 

25 invention have a length greater than about four inches, more preferably 
greater than about five inches and even more preferably greater than about 
six inches. Alternate embodiments of the present invention may be 
equipped with hollow fiber cartridges 4 which have a length of about eight 
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inches or more. It will be appreciated that, when used with the present 
invention, hollow fiber cartridges 4 having even greater lengths will provide 
even greater space for cell growth. Therefore, it is considered to be 
desirable to have hollow fiber cartridges 4 which may even exceed a length 
5 of about 10-12 inches. 

It will be appreciated that any type of cell which can grow in 
a cell culturing device, can be cultured or grown in the cell growing devices 
of the present invention. The cells which may be grown in the cell growing 
devices of the present invention include, but are not limited to the following 

10 classes of cells: mammalian cells, plant cells, microbiological cells and other 
single cell organisms, such as bacteria, fungi, and algae, and the like. The 
mammalian cells include anchorage dependent cells or suspension or floating 
cells. These cells may be primary cells, transformed cells, neoplastic cells, 
cells altered by recombinant DNA techniques, fused cells, including 

15 mammalian cells fused with other types of cells or with other mammalian 
cells, cells which have been otherwise altered by natural or artificial means, 
and the like. The plant cells include normal plant cells, transformed or 
otherwise altered cells, cells altered by recombinant DNA techniques, fused 
cells and the like. The microbial or other single cell organisms also include 
20 a variety of transformed or otherwise altered cells including, but not limited 
to, cells or organisms altered by recombinant DNA techniques, fusion, or the 
like. 

Although the present invention has been described with 
reference to preferred embodiments, workers skilled in the art will recognize 
25 that changes may be made in form and detail without departing from the 
spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1- A cell growing device for in vitro cell population growth, the 

cell growth occurring in fluid growth media within the device, the device 
comprising: 

a first hollow fiber cartridge having a housing and a plurality 
of capillaries, each of the capillaries including walls 
having interiors and exteriors, the housing having a first 
inflow opening and a first outflow opening, the plurality 
of capillaries extending between the first inflow 
opening and first outflow opening, at least one of the 
capillaries having selectively permeable walls, the 
interiors of the walls of the plurality of capillaries 
defining a first lumen extending between and being in 
fluid communication with the first inflow and the first 
outflow openings, the exteriors of the walls of the 
plurality of capillaries and the housing defining a first 
extracapillary space, the housing having a first primary 
orifice in fluid communication with the first 
extracapillary space; and 

an outflow blocking mechanism for substantially blocking a 
flow of media from the first lumen via the first outflow 
opening, wherein the outflow blocking mechanism can 
be closed to substantially block the flow of media from 
the first lumen via the first outflow opening such that 
substantially all of the influx of media into the first 
lumen via the first inflow opening is directed across the 
capillary walls into the first extracapillary space. 
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2. The cell growing device of claim 1, wherein the outflow 
blocking mechanism can be alternately opened and closed such that the flow 
of media from the first lumen via the first outflow opening is alternately 
permitted and substantially blocked. 

3. The cell growing device of claim 2, wherein the outflow 
blocking mechanism includes a first valve in fluid communication with the 
first outflow opening distal to the first lumen, wherein the first valve can be 
alternately opened and closed such that the flow of media from the first 
lumen via the first outflow opening is alternately permitted and substantially 
blocked. 

4. The cell growing device of claim 3, wherein the device includes 
a controlling computer, the controlling computer being programmed to 
alternately switch the first valve open and closed. 

5. The cell growing device of claim 4, wherein the device further 
includes an extracapillary space monitoring mechanism for monitoring and 
adjusting the oxygen concentration and the pH of the media located in the 
first extracapillary space. 

6. The cell growing device of claim 5, wherein the extracapillary 
space monitoring mechanism includes a gas transfer mechanism for 
exchanging gas across a membrane separating the media from a controlled 
gaseous environment within the gas transfer mechanism, the device including 
a gas delivery mechanism for delivering specific gases to the controlled 
gaseous environment, the specific gases including oxygen gas, carbon dioxide, 
nitrogen gas, or combinations thereof. 
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7. The cell growing device of claim 1, wherein the cartridge has 
a molecular weight cut-off of equal to or less than about 30,000 daltons. 

8. The cell growing device of claim 3 and further comprising: 

a second hollow fiber cartridge, having a housing and a 
plurality of capillaries, each of the capillaries including 
walls having interiors and exteriors, the housing having 
a second inflow opening and a second outflow opening, 
the plurality of capillaries extending between the 
second inflow opening and the second outflow opening, 
at least one of the capillaries having selectively 
permeable walls, the interiors of the walls of the 
plurality of capillaries defining a second lumen 
extending between and being in fluid communication 
with the second inflow opening and the second outflow 
opening, the exteriors of the walls of the plurality of 
capillaries and the housing defining a second 
extracapillary space, the housing having a second 
primary orifice in fluid communication with the second 
extracapillary space; and 

a fluid connecting mechanism for fluidly connecting the first 
and second cartridges, the fluid connecting mechanism 
including a recirculation mechanism for recirculating 
fluid media from the respective outflow openings of the 
hollow fiber cartridges to inflow openings thereof and 
an extracapillary space connecting mechanism for 
fluidly connecting the first extracapillary space with the 
second extracapillary space, wherein all fluid 
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communication between the first cartridge and the 
second cartridge other than that passing through the 
recirculation mechanism passes through the 
extracapillary space connecting mechanism. 

9 - The cell growing device of claim 8 and further including a 

second valve in fluid communication with the second outflow opening distal 
to the second lumen, wherein the second valve can be alternately opened 
and closed such that a flow of media from the second lumen via the second 
outflow opening is alternately permitted or substantially blocked. 

10. The cell growing device of claim 9, wherein the device further 

includes a controlling computer, the controlling computer being connected 
to and controlling the opening and closing of the first and second valve, the 
controlling computer being programmed to simultaneous open one of the 
first and second valves and close the other, thereby alternately switching the 
first and second valves from open to closed and from closed to open in a 
reciprocal relationship wherein one of the first and second valves is always 
open and one is always closed. 

I 1 - The cell growing device of claim 10 and further including a 

third valve, the third valve alternately directing media from the recirculation 
mechanism to the first lumen or second lumen via the respective proximate 
inflow opening, the third valve being connected to and controlled by the 
controlling computer, the controlling computer being programmed such that 
the media from the recirculation reams is alternately directed to either the 
first lumen or second lumen at the same time that the flow of media from 
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that respective lumen is substantially blocked by the closure of the respective 
first valve or the second valve. 

12. The cell growing device of claim 8, wherein the extracapillary 
space connecting mechanism includes a connecting chamber in fluid 
communication with the first primary orifice and the second primary orifice, 
the connecting chamber providing for fluid communication between the first 
extracapillary space and the second extracapillary space, the connecting 
chamber including a monitoring mechanism for monitoring the oxygen 
concentration and pH of the media therein. 

13. The cell growing device of claim 12, wherein the connecting 
chamber includes a gas transfer mechanism for exchanging gas across a 
membrane separating the media from a controlled gaseous environment 
within the gas transfer mechanism, the device including a gas delivery 
mechanism for delivering specific gases to the controlled gaseous 
environment, the specific gases including oxygen gas, carbon dioxide, 
nitrogen gas, or combinations thereof. 

14 - The cell growing device of claim 13, wherein the gas transfer 

mechanism comprises a gas transfer cartridge. 

15. The cell growing device of claim 14, wherein the gas transfer 

cartridge includes a heating mechanism for elevating the temperature within 
the gas cartridge to minimize moisture condensation within the cartridge, the 
gas delivery mechanism including a gas humidification mechanism for 
humidifying the gas delivered to the gaseous environment. 
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16. The cell growing device of claim 8 and further including a 

plurality of first hollow fiber cartridges and a plurality of second hollow fiber 
cartridges, the first hollow fiber cartridges being connected in parallel with 
the fluid connecting mechanism and the second hollow fiber cartridges being 
connected in parallel with the fluid connecting mechanism. 



17. The cell growing device of claim 16, wherein the device 

includes a flow monitoring and restricting mechanism for individually 
monitoring and adjusting media flow, the flow monitoring and restriction 
mechanism being able to monitor and restrict flow to each of the hollow 
fiber cartridges via the respective inflow openings such that the flow of 
media into the lumen of each of the cartridges via the respective inflow 
opening can be monitored and varied and via the respective primary orifices 
such that the flow of media into the extracapillary space of each of the 
cartridges via the respective primary orifice can be monitored and varied. 

18 - The cell growing device of claim 16, wherein the flow 

monitoring and restricting mechanism is connected to the controlling 
computer, the controlling computer including a programmed computer 
control mechanism for controlling the flow restricting mechanism in response 
to media flow measured by the respective flow monitoring mechanism. 

19. The cell growing device of claim 8, wherein the recirculation 

mechanism includes a monitoring mechanism for monitoring the oxygen 
concentration and pH of the media, and a gas transfer mechanism for 
exchanging gas across a media-gas interface so that specific gas 
concentration in the media may be adjusted. 
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20. A cell growing device for in vitro cell population growth, the 

cell growth occurring in fluid growth media within the device, the device 
comprising: 

a first hollow fiber cartridge having a housing and a plurality 
of capillaries, each of the capillaries including walls 
having interiors and exteriors, the housing having a first 
inflow opening and a first outflow opening, the plurality 
of capillaries extending between the first inflow 
opening and the first outflow opening, at least one of 
the capillaries having selectively permeable walls, the 
interiors of the walls of the plurality of capillaries 
defining a first lumen extending between and being in 
fluid communication with the first inflow opening and 
the first outflow opening, the exteriors of the walls of 
the plurality of capillaries and the housing defining a 
first extracapillary space, the housing having a first 
primary orifice in fluid communication with the first 
extracapillary space; 

a second hollow fiber cartridge having a housing and a 
plurality of capillaries, each of the capillaries including 
walls having interiors and exteriors, the housing having 
a second inflow opening and a second outflow opening, 
the plurality of capillaries extending between the 
second inflow opening and the second outflow opening, 
at least one of the capillaries having selectively 
permeable walls, the interiors of the walls of the 
plurality of capillaries defining a second lumen 
extending between and being in fluid communication 
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with the second inflow opening and the second outflow 
opening, the exteriors of the walls of the plurality of 
capillaries and the housing defining a second 
extracapillary space, the housing having a second 
primary orifice in fluid communication with the second 
extracapillary space; and 
a fluid connecting mechanism for fluidly connecting the first 
and second cartridges, the fluid connecting mechanism 
including a recirculation mechanism for recirculating 
fluid media from the respective outflow openings of the 
hollow fiber cartridges to inflow openings thereof and 
an extracapillary space connecting mechanism for 
fluidly connecting the first extracapillary space with the 
second extracapillary space, the recirculation 
mechanism including a mechanism for adjusting oxygen 
concentration of the media, wherein all fluid 
communication between the first cartridge and the 
second cartridge other than that passing through the 
recirculation mechanism passes through the 
extracapillary space connecting mechanism. 

21 - A ^11 growing device for in vitro cell population growth, the 

cell growth occurring in fluid growth media within the device, the device 
comprising: 

a plurality of first hollow fiber cartridges, each of the plurality 
of first hollow cartridges having a housing and a 
plurality of capillaries, each of the capillaries including 
walls having interiors and exteriors, the housing having 
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a first inflow opening and a first outflow opening, the 
plurality of capillaries extending between the first 
inflow opening and the first outflow opening, at least 
one of the capillaries having selectively permeable 
walls, the interiors of the walls of the plurality of 
capillaries defining a first lumen extending between 
and being in fluid communication with the first inflow 
opening and the first outflow opening, the exteriors of 
the walls of the plurality of capillaries and the housing 
defining a first extracapillary space, the housing having 
a first primary orifice in fluid communication with the 
first extracapillary space; 
plurality of second hollow fiber cartridges, each of the 
plurality of second hollow cartridges having a housing 
and a plurality of capillaries, each of the capillaries 
including walls having interiors and exteriors, the 
housing having a second inflow opening and a second 
outflow opening, the plurality of capillaries extending 
between the second inflow opening and the second 
outflow opening, at least one of the capillaries having 
selectively permeable walls, the interiors of the walls of 
the plurality of capillaries defining a first lumen 
extending between and being in fluid communication 
with the second inflow opening and the second outflow 
opening, the exteriors of the walls of the plurality of 
capillaries and the housing defining a second 
extracapillary space, the housing having a second 
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primary orifice in fluid communication with the second 
extracapillary space; 

a fluid connecting mechanism for fluidly connecting the 
plurality of first cartridges with the plurality of second 
cartridges, the first cartridges being connected in 
parallel and the second cartridges being connected in 
parallel, the fluid connecting mechanism including a 
recirculation mechanism for recirculating fluid media 
from the respective outflow openings of the hollow 
fiber cartridges to inflow openings thereof and 
extracapillary space connecting mechanism for fluidly 
connecting the extracapillary spaces of the plurality of 
first cartridges with those of the plurality of second 
cartridges, the fluid connecting mechanism having 
alternate fluid pathway for fluid media flowing between 
the plurality of first cartridges and the plurality of 
second cartridges, a first pathway being from the first 
extracapillary spaces to the second extracapillary spaces 
and a second pathway being from the second 
extracapillary spaces to the first extracapillary spaces; 

a valve mechanism for controlling the flow of fluid media 
through the fluid connecting mechanism, the valve 
mechanism including a switch mechanism for 
selectively switching the flow of media between the 
alternate fluid pathways; and 

a controlling computer for controlling the flow of media 
through the fluid connecting mechanism, the valve 
mechanism being connected to the controlling 
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computer, the controlling computer controlling the 
switch mechanism. 
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